INTRODUCTION {#sec1-1}
============

Prostate cancer is the most common malignancy diagnosed among men in the United States.\[[@ref1]\] Robotic-assisted surgery has become widely adopted for the treatment of various urologic malignancies. In the U.S., robotic-assisted radical prostatectomy (RARP) is now the most common treatment for localized prostate cancer.\[[@ref2]\]

Some of the purported benefits of robotic-assistance include improved visualization, repeatable dexterous movements and favorable ergonomics for the surgeon. Reports from large series have demonstrated low complication rates, decreased estimated blood loss (EBL) and shorter lengths of hospital stay in comparison to open radical retropubic prostatectomy.\[[@ref3][@ref4][@ref5]\] Furthermore, increased case volumes and surgeon experience have also been shown to improve perioperative outcomes with RARP.\[[@ref6][@ref7][@ref8][@ref9]\]

With dedicated robotic teams and refinements in technique, many high volume centers are capable of performing 3 or more robotic cases per room each day. In addition, there has been considerable recent interest in the development of surgical simulators in order to improve a surgeon\'s performance.\[[@ref10][@ref11][@ref12][@ref13][@ref14][@ref15]\] It is hypothesized that "warming up" with surgical simulation before a case may also improve surgical outcomes with RARP. Studies have demonstrated that practice before surgery may not only improve a surgeon\'s sensorimotor coordination, but also cognitive processes including attention, intellectual arousal and working memory.\[[@ref16]\] However, to date there are few data regarding these effects in clinical practice and even fewer evaluating the effect of surgical case order on perioperative outcomes and cost from RARP. In the current study, we viewed our center\'s experience to examine whether case order influences perioperative outcomes for RARP.

MATERIALS AND METHODS {#sec1-2}
=====================

The study cohort consisted of 1,018 patients who were treated with RARP at our institution between September 2008 and December 2010 using a single da Vinci robot (Intuitive Surgical, Sunnyvale, CA). Case order was determined from electronic surgical schedules each day. Surgical cases were then divided into groups according to case order into 1^st^, 2^nd^ and 3^rd^ round cases on each operating day. 4^th^ round cases (*n* = 1) were excluded from analysis and any aborted surgeries were also excluded (*n* = 2).

At our institution, robotic urologic surgery was implemented within the Kaiser Permanente Southern California region in 2008 with the purchase of a single da Vinci 4S robot at one medical center. All cases were performed in a similar manner as previously described using a standard 6-port transperitoneal approach.\[[@ref17]\] Operating teams consisted of two surgeons per case, a scrub nurse, surgical technician and an Anesthesiologist and/or certified nurse anesthetist. For each surgical case, one surgeon operated as the console surgeon and another assisted at the patient\'s bedside. Age, body mass index, American Society of Anesthesiologists score, serum prostate-specific antigen, Gleason score and clinical stage were recorded for each patient. Perioperative details of total operative time, EBL, transfusion rate, pelvic lymph node dissection rate, pathologic stage, prostatic weight, positive margin rate, intraoperative and post-operative complications and length of hospital stay were also noted. Comparisons of groups were made using the Chi-square test for categorical measures and Wilcoxon\'s rank-sum test for continuous measures. All tests were two-sided, with a *P* value \<0.05 taken to be statistically significant.

RESULTS {#sec1-3}
=======

A total of 1018 RARPs were performed in the study cohort with 476 (47%) 1^st^ round cases, 398 (39%) 2^nd^ round cases and 144 (14%) 3^rd^ round cases by a total of 18 surgeons. Clinical characteristics were similar between men undergoing surgery with respect to case order \[[Table 1](#T1){ref-type="table"}\].

###### 

Patient demographics
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[Table 2](#T2){ref-type="table"} presents the perioperative results stratified by case order. Overall mean operative time was shorter as cases were performed later in the day (213 min vs. 209 min vs. 180 min, *P* \< 0.001). This effect was also seen with RARP and pelvic lymphadenectomy (PLND) (233 min vs. 215 min vs. 189 min, *P* \< 0.001). A larger proportion of patients underwent PLND in 3^rd^ round cases (12% vs. 17% vs. 18%, *P* = 0.045), which may be related to patients with a higher proportion of Gleason 7-10 disease undergoing surgery as 3^rd^ round surgeries \[[Table 1](#T1){ref-type="table"}\] (*P* = 0.004). In addition, EBL significantly decreased with surgical order with 3^rd^ round cases having the least blood loss (136 mL vs. 134 mL vs. 103 mL, *P* = 0.01). However, transfusion rates, surgical margin rates and complication rates did not significantly differ between the groups.

###### 

Perioperative details
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Patients undergoing RARP later in the day were found to have a longer mean length of hospital stay (1.1 vs. 1.2 vs. 1.6 days, *P* = 0.009) and 3^rd^ round case patients were more likely to have a longer hospital stay of 2 or more days than earlier cases (10% vs. 11% vs. 32%, *P* = 0.01).

DISCUSSION {#sec1-4}
==========

In this study, we found that increasing case order was associated with decreased operative times, decreased EBL and longer lengths of hospital stay for patients undergoing RARP. With similar patient characteristics between groups, our results illustrate differences in perioperative outcomes with intraday case repetition. Significantly decreased mean operative times were also noted for RARP with PLND for 3^rd^ round cases with a difference of 34 min in comparison to 1^st^ round cases. This may be a real-life example of the old adage that "practice makes perfect" in surgical training. These results may be especially important for the training and scheduling of minimally invasive surgical cases. Repetitive experience in surgery has been shown to improve results as surgeons with higher case volumes often have better outcomes.\[[@ref7][@ref18][@ref19]\] However, to our knowledge the effects of surgical repetition within an operative day have not been evaluated in this manner.

Several studies have shown that increased surgeon experience and case volume are associated with decreased operative times and improved surgical outcomes for RARP.\[[@ref6][@ref7][@ref18][@ref19]\] Decreased operative times with increased case volume over time often indicate that surgeons or surgical teams are overcoming their learning curves. However, decreased operative time with successive cases within a single day may indicate that a surgeon or surgical team is actually "warming up" and improving performance, irrespective of their learning curve. Alternatively, one could hypothesize that cases later in the day would be associated with increased fatigue, which may also result in shorter operating times with negative operative outcomes; however, in the current study we did not find increased complications or EBL associated with later surgical case order.

These data also suggest that the beneficial effects of "warming up" before a sports event by athletes may be applicable to surgical practice. The advantages of improving psychomotor skills and cognitive performance before physical sports are also indispensable to improving surgical performance and reducing errors. A study by Kahol *et al*., demonstrated that pre-operative warm up exercises for 15-20 min with simple surgical tasks lead to a substantial increase in surgical skills proficiency during follow-up among groups with differing experience levels.\[[@ref16]\] Importantly, there was also significant improvement in the performance of fatigued groups. Such data have spurred the development of surgical simulators to help trainees practice and refine surgical procedures.\[[@ref11][@ref12][@ref20]\]

In the current study, EBL also decreased with surgical cases performed later in the day. Despite this finding, transfusion rates as well as intraoperative and post-operative complication rates did not differ between surgical groups. Positive surgical margin rates are also frequently assessed as surrogate measures for surgical performance and have been linked to a learning curve and experience with RARP.\[[@ref8]\] There was a slight trend towards a lower positive surgical margin rate for patients undergoing 3^rd^ round cases (3^rd^ round: 23% vs. 1^st^/2^nd^ round: 25%/25%); however, these differences did not reach statistical significance.

One purported advantage of RARP is that patients often have shorter periods of convalescence and may be discharged from hospital earlier.\[[@ref4]\] In addition, institutions performing RARP may often perform higher surgical volumes in order to offset the associated increased cost of robotic surgery. In our study, patients undergoing 3^rd^ round RARP surgery were much more likely to have longer lengths of hospital stay. This finding is unlikely to be related to surgical repetition, but instead more attributable to the later start times of 3^rd^ round cases. On average, these patients had a 32% chance of staying in the hospital for 2 or more days in comparison to 10% of 1^st^ round patients and 11% of 2^nd^ round patients (*P* = 0.01). This finding may indicate a point of diminishing returns as increasing case volume with 3^rd^ round cases may lengthen patients' hospital stays, thus potentially increasing hospital costs.

Shorter operative times and longer lengths of hospital stays associated with 3^rd^ round RARP cases are especially poignant due to the recent focus on limiting medical costs.\[[@ref21][@ref22][@ref23]\] Several studies comparing costs of RARP to other modalities of radical prostatectomy demonstrated that the robotic approach is more expensive.\[[@ref24][@ref25][@ref26]\] In a large comparison study by Bolenz *et al*., RARP exceeded the median costs of laparoscopic prostatectomy by over \$1000 and cost of over \$2000 more than the open retropubic approach.\[[@ref24]\] Results from their study were calculated using estimated operating room costs of \$772/h and estimated hospital costs of approximately \$500/night. From our results, the reduced mean operative time for a 3^rd^ round case of 33 min would translate to a cost saving of \$429 dollars in decreased operative time (calculated at \$13/min\[[@ref24]\]); however, the benefit of reduced operating room time and costs would be diminished by the added expense of an extra hospital stay of \$500 dollars/day for select patients. Thus, the additional expenditures of 3^rd^ round cases should be considered during surgical planning.

There are several potential limitations of our study. This was a retrospective analysis with considerable heterogeneity in the experience of the surgeon cohort. Furthermore, we assessed the surgical team as a whole and not the performance of individual surgeons as the operating or "console surgeon" who often differed with each case. Lastly, we did not investigate other meaningful post-operative outcomes such as potency, continence and biochemical recurrence rates, which could add further information to our results.

Despite these limitations, the study has several important advantages. Our study analyzed data generated from a controlled setting as only one robotic platform at a single medical center with a dedicated nursing team was used for all surgical cases. Thus, we were able to minimize the potential for bias by limiting environmental factors associated with our cohort. To our knowledge, this is the first study to assess the impact of surgical case order on perioperative outcomes for patients undergoing RARP. Future studies may help elucidate if these effects translate to other significant clinical outcomes.

CONCLUSIONS {#sec1-5}
===========

The current study demonstrates that surgical case order may influence perioperative outcomes for RARP including decreased operative times and blood loss and increased length of hospital stay for later cases. Taken together, these findings suggest that surgical teams may "warm up" with repetitive practice during the day. Knowledge of these differences may assist in surgical scheduling and supports the use of pre-operative surgical simulation to improve surgical outcomes.
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